In-plane magnetic properties of a) the unprotected Co nanorods and b) protected Co nanorods with 4 nm HfO 2 layer on the Si substrate in water (the numbers indicate the order of the measurements with the arrows showing the magnetic field sweep direction). c) Magnetic property of the protected Co nanorods with 4 nm HfO 2 layer suspended with the isotropic orientation in 2% agarose gel. Each panel on the left shows the measurement immediately after sample preparation and the right panels show measurements after the sample has been exposed to water for 15h. Figure S11 . Stability of the protected Co nanorods in 0.1 M phosphate buffer solutions at a) pH 3.7, b) pH 4.6, c) pH 5.2, d) pH 6.6, e) pH 8.3, and f) pH 9. The first row shows the SEM images of the unprotected Co nanorods after 1h in the buffer solutions at different pH. The second to forth rows indicate the SEM images of the protected (encapsulated) Co nanorods with 4 nm HfO 2 layer after 1h, 24h, and 168h respectively in the buffer solutions at different pH (scale bar: 400 nm). g) The pH measurements of each buffer solution after 1h, 24h, and 168h (left to right: pH 3. 7, 4.6, 5.2, 6.6, 8.3, and pH 9) . The different boundary colors of each image indicate the status of the particles stability (red: complete corrosion, orange: partial corrosion, green: stable). 
Corrosion kinetics
This reaction can be approximated as a first order reaction and the reaction decay in our measurements can be fitted by the exponential function (2) where is functional property of nanoparticles (i.e. magnetization, optical extinction, and circular dichroism), is first order reaction rate, and is reaction time. As copper ions do not give rise to an optical (plasmonic) signal, the decay rate of Cu nanoparticles (both rod and helix) can be readily estimated by Eqn. (2). However, Co ions possess a weak magnetic property (~2 emu/g, ref.
26), so that the Eqn. (2) should be extended as
which reflects the evolution of magnetization of Co ions in the second term. So, according to Eqns. (2) and (3), we calculated the decay rates of all the particles that are summarized in Table S1 . Figure 2c
Cu nanorod unprotected water (with 2% agarose) 92×10 -6
Figure 3c
Cu nanorod unprotected 0.1M PB at pH3.7 (with 2% agarose) 563×10 -6
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